The need for treatment of municipal wastewater prior to its disposal is important. One method used for treating wastewater is that of a constructed wetland system (CW). The use of a CW has attracted interest in developing nations due to its operational efficiency and cost effectiveness. This paper examines an existing CW in order to determine its effectiveness in the removal of pollutants from a sewer that feeds into a major river system in Nigeria. The CW, which employs hydrophytes to degrade the wastewater from a facility of nearly 10,000 people, is comprised of six cement-block tanks. Samples were collected from the entry and exit points of the CW's cells and analysed for dissolved oxygen, conductivity, pH and temperature. The pH remained constant (6.8 -6.9) at ambient temperature of 27 0 C. Conductivity ranged from 700 to 840 ppm. The dissolved oxygen (DO) ranged from 0.9mg/l at the entrance to 0.1 mg/l at the final exit point. Analysis of the data suggests that the CW is not efficient, and steps --like aeration and an increase in the resident times of the wastewater in each cell of the CW --need to be taken to improve its performance.
Introduction
The science of wastewater management and disposal is an important subject because approximately 80% of water ends up as wastewater [1, 2] . The selection of an appropriate wastewater management system from among the several available types always poses a challenge and therefore requires expert analysis. Consideration for a wastewater management system includes functionality, simply technology, system efficiency, energy, climatic conditions, economy, volume of wastewater generated, availability of technical expertise, land use, impact on receiving stream, purpose of effluent re-use, and quality of final effluent desired among other factors [1, 3, 4, 5] .
In the developing world, the main considerations often are solutions that require the least money, technical expertise, and energy. Availability of land and appropriate climate is often an advantage in developing countries, especially in Africa and Asia [1, 6, 7] . Therefore, wastewater management systems like stabilization ponds, constructed wetlands, septic tanks and lagoon treatment are not uncommon in developing countries [8] .
In this study, a factor affecting the efficiency of the urban wastewater management system at Southwest Nigeria's Covenant University was assessed. The campus, which was established in October 2002 with an initial resident student population of 1,500 and a total resident population less than 2,000 people, has since grown to about 10,000 residents within the last 10 years [6, 3, 4, 5, 9] . Being a faith-based institution, the University is located in a section of a larger property, Canaanland that also accommodates the Faith Tabernacle (FT). The FT has four strategically located detached toilet facilities around it, each with its own septic tank measuring 15m by 13.8m in surface area and 5m in depth. Canaanland hosts about 200,000 visitors weekly.
Often, these septic tanks get filled up and sewage vehicles are deployed to evacuate the septic tanks. The contents are deposited in the central sedimentation reservoir at the wastewater treatment facility on the University campus. From here, the effluent is released by regulator valves into the first reactor that flows into the other cells (figure 1). The geometric increase in sewage load from the design population of 10,000 has had a lot of impact on the constructed wetland, thus the need to review process and impact of waste load on the wastewater treatment system. This situation has also offered an opportunity to use this case study as a pilot study to draw lessons on the effect of a high-population growth rate on wastewater forecasting and management in developing countries.
Methods and Materials
The series of studies to assess the performance of the wastewater treatment facility were conducted in [6, 3, 4, 5, 6] . A general inspection of each unit of the facility was carried out, and water samples were taken and analysed. Details of the method in the earlier field assessment trips are documented in literature [3, 6] .
Water samples were collected from the 6 reed beds and waste collection tank on the same day in sterilized containers as specified in the standard methods for water and wastewater [10] . Within 24 hours, the collected samples were preserved and taken for analyses at the environmental laboratory of the civil engineering department of the Covenant University, Ota, Nigeria following the recommendation in the standard methods for water and wastewater [10] .
During the final field assessment, 14 water samples were obtained from the CW system. Two water samples were obtained from each reed bed (denoted as P on the table) (initial inlet and final outlet). Two water samples were also obtained from the influent chamber (before the first reed bed) and from the effluent chamber (after the last reed bed).
Results and Discussions
The results of the field research are presented in table below. The table below shows a summary of the data collected in September of 2013.
The pH of the wastewater was neutral coming in but becomes consistently slightly acidic throughout the constructed wetland (CW) cells. The conductivity of the water appears to vary somewhat from the two different measures made. The average conductivity value was 785ppm (764-798 range). Total Dissolved Solids (TDS) was fairly consistent between the three sampling days with a range of 556-666 ppm. However, the input water had a higher TDS (669 ppm). The alkalinity was different between the two dates of measurement. The first set shows the alkalinities to be in the low 400s (400-431 range) whereas the second test shows less alkalinity values with a range of 180 to 300. The range for the alkalinity is 255-310. The temperature was consistently 27 o C from one cell to the other. The TDS within the holding tank was the lowest.
The dissolved oxygen (DO) was consistently low. The raw wastewater had a DO of 3.7ppm. And the DO for the cell ranged from 0.1 to 0.9 with an average of 0. There is a difference in the water chemistry coming into the CW, especially the DO, alkalinity and the sulfate from the water that leaves the CW. Olukanni & Kokumo [5] . The data obtained indicate that modifications are a necessity since the wastewater treatment system is not very efficient in reducing the amount of TDS and nutrients. The flow rate is considered high from cell to cell, thereby not allowing time for the plants and microbes to reduce the TDS. It is suggested that some method be devised to slow down the flow rate to allow the plants and microbes to work on reducing the TDS. Because of the accelerated flow within the cells, the hyacinth plants do not appear to be doing an effective job in removing nutrients/TDS from the wastewater.
Monitoring of the constructed wetland will continue and nutrients and heavy metals will be measured within the wetland chambers. From the site plan, it is seen that the outflow is to a river that empties into the Iju River. The low DO within the various chambers would suggest the need to have a form of aeration. We hope to examine the presence or absence of heavy metals and E. Coli within the CW and also the stream near the CW. With an expansion of the college, there will be an increase in wastewater generated and we suggest either a redesign or new site be found for the treatment of wastewater for the area. 
Suggestions
Similar to what was proposed by Isiorho and Oginni [6] in order to reduce the flow rate of the wastewater, earth materials (sand and gravel) should be introduced into the cells/chambers as a lower flow rate will enable the plants in the constructed wetlands additional time to effectively reduce TDS, thereby enhancing the water quality at the end of the treatment. A new design should take cognizance of the increase in population to be served within the next 10 to 20 years from now and the type of materials that may be in the wastewater.
Conclusion
The constructed wetland (CW) used to treat wastewater in Ogun State was examined to determine its efficiency at removing pollutants. The results show that the constructed wetland is not effective in treating the wastewater. The TDS was not reduced appreciably and sulfate increased along the CW. Steps need to be taken if constructed wetlands are to be used in treating wastewater from this facility. Microbial testing will be carried out in the future to help in the redesign of the constructed wetland.
